An emulation system of variable blade pitch wind generator (VBPWG) is constructed based on asynchronous motor in this paper. A static characteristics model of wind turbine is built according to aerodynamic theory. As VBPWG runs in different condition and has different input-output characteristic at different wind speed, different control strategies for VBPWG are explored and control system for pitch angle regulation is designed. Speed sensorless vector control method is introduced to the imitation system. Simulation results illustrate the effectiveness of the wind turbine simulator performance.
Introduction
Wind energy is one of the important renewable energy regarded as environmentally friendly, socially beneficial, and economically competitive for many applications [1] . Initial investigation and research conducted in laboratory could actively enhance the development of wind power technology. Because of limited conditions, there are no actual wind turbine and wind farm in most laboratories, which leads to great difficulties for laboratory researches on wind power technology. Thus, it is important to explore devices to imitate wind turbine characteristics for intensive study on wind power technology in laboratory. It is also important for experimental technology and application of wind power. It can also bring significant economic and social benefits. In recent years, many wind turbine emulators have been proposed from laboratory [2] [3] [4] . Several wind turbine simulators have been developed to simulate wind turbine dynamics, including wind shear, tower shadow and torque compensation [5] . Pitch angle controller is reported in [6] . Induction machines have been used for wind turbine simulators as DC machine is bulky and expensive compare with AC machine and it needs frequent maintenance due to its commutators and brushes [7] . Technique of motor speed sensorless vector control improves the reliability of AC drive system and reduces the cost of production, so it has become the hotspot in recent years [8] . This paper studies wind turbine emulator using a squirrel cage induction motor and introduces technique of speed sensorless vector control. According to operation status of wind turbine, variable blade pitch control is researched in the paper. On the basis of the above studies, combined with wind generators and their MPPT control, a wind turbine imitation system based on induction motor with speed sensorless is constructed to emulate the output characteristics of VBPWG.
Wind Turbine Model
According to the aerodynamic characteristics of wind turbine, the steady-state output mechanical power given by Equation (1) 
where i λ is defined as Equation (4) 1 035 . 0 08 . 0
characteristic curve is shown in Figure 1(a) . Rotor has optimum speed for every wind velocity. Maximum power point (MPP) of wind energy can be achieved if the optimum tip speed ratio is controlled to remain unchanged. Relationship between wind energy utilization coefficient and blade pitch angle is shown in Figure 1 
Simulation of Wind Turbine with Variable Blade Pitch
Operation regions of wind turbine are illustrated in Figure  2 . The regions are divided according to wind velocity [6] . In power optimization, wind velocity is below the rated velocity and power optimization strategy is employed to optimize the energy capture by remaining optimum tip speed ratio unchanged. Shape of the curve in this region reflects the basic law of power production, which means the produced power proportional to cube of wind velocity. In power limitation region, wind velocity is above the rated velocity and blade pitch should be adjusted to reduce wind turbine power output to rated power. As measurement of wind velocity is difficult and wind turbine speed is achieved easy in actual application, variable blade pitch control strategy based on wind velocity is transformed to that based on wind turbine speed. 
Speed Sensorless Vector Control Strategy
According to the above analysis, mathematical model of aerodynamic torque of wind turbine and pitch angle control system based on speed needs the accurate speed signal, thus speed detection is important for the system control. This paper introduces speed sensorless control method based on Model Reference Adaptive System (MRAS) which is one of the effective methods to estimate rotor speed due to its performance and straightforward stability approach into the simulation system to estimate speed.
It is important to estimate rotor-flux accurately in the rotor-field-oriented induction motor vector control system. This (6) and (7).
Voltage model in the two-phase static coordinate system are as Equations (8) and (9) .
Voltage model equations don't contain speed variable ω while current model equations contain ω . According to the theory of MRAS, voltage model is regarded as reference model(RM) and current model is regarded as adjustable model(AM) to estimate speed ω . Thus, the design of adaptation mechanism for MRAS estimator is given by Equation (10) As voltage model equations contain pure integral term and integral initial value and accumulated error will affect the calculation results, this paper introduces filter in output of voltage model to improve the estimation performance. In order to balance the brought phase shift of flux estimation at the same time, filter is also introduced in output of current model. 
Simulation Results
According to the above analysis, combined with wind generator and maximum power point tracking (MPPT) strategy, the structure of emulation system is shown in Figure 7 . The emulation system consists of three parts: the first part in the left-hand side represents wind speed simulation, which is used to provide prime mover signal for emulation system by producing wind speed model in line with the actual characteristics of wind generator. The middle part is wind turbine emulator based on induction motor, which is used to calculate static and dynamic aerodynamic torque of wind turbine, achieve pitch control strategy and realize speed-sensorless vector control based on MRAS. This part realizes output characteristic of induction motor is identified to actual output characteristic of VBPWG. The third part in the right-hand side represents generator and MPPT control system to complete conversion of wind energy to electrical energy and control requirements. Figure 8 is simulation model of the system based on MATLAB/SIMULINK with wind generator and maximum power point tracking strategy. Table 1 is the wind turbine parameters. show variables in the emulated system response to different wind types. In Figure 9 , wind velocity is below the rated velocity before 2s, according to variable blade pitch control strategy, the system keeps the pitch angle β is 0, and estimated speed based on MRAS scheme and power output tracks the wind change to achieve MPP output. Power output is 0 when wind velocity is below the cut in wind velocity. When the wind velocity is higher than its rated wind velocity after 2s, the pitch angle increase with blade pitch controller command, the power output keeps constant at the rated power, even though the wind turbine has the potential to produce more power, the power limit is used to prevent the over speed of rotor and to protect the electrical system. The wind velocity exceeds cut out wind velocity of wind turbine after 7s, the wind turbine stops and the power output of the emulation motor is kept 0. So simulation results verify that wind turbine emulator based on speed-sensorless by MRAS scheme induction motor vector control, combined with variable blade pitch control strategy can imitate output characteristic of variable blade pitch wind generator. Figure 10 is compare of wind turbine emulator speed in emulated system as wind types is shown in Figure 9 (a). 10(a) is estimated speed emulated by MRAS scheme and 10(b) is actual speed of wind turbine emulator. As shown in Figure 10 (a)and10(b), at t=0-2 seconds the estimated speed by MRAS of emulator system can be in line with the actual speed well and can tracks the wind change to achieve MPP output. The estimated speed can complete the variable blade pitch control strategy based on wind turbine speed when the wind velocity is higher than its rated wind velocity after 2 seconds. The compared result reveals that the estimated speed is identified with the actual speed and the estimated speed can be used as speed feedback. The estimated speed based on MRAS scheme can be to apply to wind turbine emulator based on induction motor with vector control. 
Speed Identification of System based on MRAS

Conclusion
This paper introduces induction motor with speed sensorless and designs a pitch angle controller to build a wind turbine emulator to imitate real operation of wind turbines. The emulated system responses to different types wind as uniformity, gust, gradualness and step. At low wind velocity, torque control is used to track MPP. At high wind velocity, pitch angle control strategy is used to keeps rated power output. Simulation results show that the system has fast dynamic respond character and good stability in case of cut in wind velocity, cut out wind velocity and exceeding rated wind velocity. The results of speed estimation based on MRAS gain good tracking performance and can reduce cost and improve reliability of hardware system of wind turbine emulator. The proposed wind turbine emulator system can imitate output characteristics of actual wind turbine.
